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ABSTRACT
‘ Reported is an investigation of the effects on
student performance above the knowledge level (Bloom's taxonomy) as
influenced by the use of teacher's questioning strategies. Two
parallel forms of an elementary science unit on plants and seeds were
constructed. In form A, most of the teacher questions were low level
in terms of cognitive thinking; in form B, teacher questions required
pupil responses above the cognitive memory level. A randomly selected
group of 30 third- and fourth-grade pupils was divided into two
groups of 15. The control group was taught by a teacher using form A
while the investigator taught the experimental ‘group, using form B.
Pupils were pre- and posttested with the paper and pencil test
reflecting the six levels of Bloom's Taxonomy of Educational
Objectives. Test scores were analyzed, using t-test techniques. No
statistically significant differences were found. Intragroup scores
and percent of points received by each group for each test item on
the pre- and posttests were also analyzed. The investigator
hypothesized that her lack of significant results may have been
influenced by the stage of cognitive development of the children
participating in the study. The children were at the concrete
operational stage. Critical thinking may not be successfully
stimulated by teacher questions. until children reach the formal
operational state of Piaget's schemata. This hypothesis warrants
further investigation. (Author/PEB)
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CHAPIER I
THE STUDY
Significance Of The Study

Great emph2sis in public education, today, is tased upon the deveiop-
ment of critical thinking skills. The advent of the twentietp century hes
ushered in a vast diversity of knowledge, and the obsolescence of a major
portion of this knowledge. Many things learnad in the way of specifics
for wérmanent retention by a child in today's elementary claséroom will
probably be out of date before he reaches the twelfth grade. Our recent
srace explorations has brought about new physical knowledge of our universe;
recént molitical and soéial developments have resulted in the emergence of
new nations and changing political boundaries.

It would.seem that the major thrust in today's curriculum, in coping
with the “explosion” of knowledge, is through the development of skills
necessary for effective living in our complex society. Major emphasis is
being 1laced unon the development of instructional strategies which stress
the a. lication of ap,ropriate cognitive skills. The concern with think-
ing and the cognitive ékills is shared by many leading curriculum devel-
o.ers. Hilda Taba states:

...recent studies of learning and experimentation with curric-
ulwn have greatly extended the scope 6f responsibilities of the
$CnO01s . For example, the current em;hasis on creativity, on auton-
ory of thinking, and on the method of inquiry represents a renewed
concern with thinking and cognitive skills. The development of cog-
nitive powers now is recognized as an important aspect of excellence.

This extension of opJjectives beyond the mastery of knowledge requires




2.
Looto reoxcrins learnine experiences. We no longer can assume
oot masteric well-orpanized knowledge automatically develops ei-
ther outonomous or creative minds. (9, P 2.)

Tf the major thrust in education is the development of critical think-
ing skills, it would seem that one of'the most etrfective instruments for
stimulating and guiding this ﬁrocess is the question. Thus, the purpose
of Lho study was an attempt in exploring the significance of the types of
questions asked by the teacher in settiing the tone of cognition within the
classroom, and its relationsnip to how wéll cnildren are able to perform
at coznitive levels abtove the stage of mere recall as defined by Bloom's
Taxonomy of LEducational Objectives.,

Review of the Literature

The question is an indispensable tool of the classroom teacher. 'Yet
is the potential of the gquestion being fully exploited? Although they
have the capability of initiating critical and creative thinking, many
questions focus upon memory of specific facts." (3, p. 657.) Research
exanining the kinds of guestions asked in the teaching-learning process
indicates that teachers place a predominant emphasis upon asking cuestions
wnich search out a knowledse of facts and the recall of texbook informa-
tion.

A study conducted by Doak (5, p. 178.) attempted to categorize the cog-
nitive levels of verbal behavior of teachers and students.’ Doak found that
teuching in tne subject areas appeared to be directed at the communication of
knowledge. Verbal -interchanges initiated by the teacher were of the what,
how, when, where variety which elicited the recall of information'respohs-
es. In addition, the study showed that the teacheré verbal vehavior con-
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trolled Lo some derrec the level ofrpﬁinking reflected by the pupils re-
) sponses. Douk concluded that the teacher plays en important role in de-
termining the level at wnich classroom interaction cccurs,

Jimilar studies have been conducted concerning the relationship be-
tween the kKinds of questions used in a teaching strategy and its affect
upon thinking skills developed by children. Cunninghem reports:

A study by Taba, levine, and Elzey found an almost perfect cor-.
relation »etveen the levels of tnought pupils display in their an-
swers to teachers' questions and the types of questions asked by
their veachers. In addition, the study showed that questions asked
by tae ﬁeucher have a very strong influence on other behaviors per-
Tormed by the pupils. The way you ask questions can be one of the
mest influential parts of teaching. (¥, p. 85.)

Hunkins conducted a study which sought to determine whethe social-

studies text-type materials based upon analytical and evaluative types of

fle]

vestions would effectively stimulate the development of critical thinking
"of sixth-srade pupils. From the findings, he concluded that there was no
siznificant difference vetween students who were given questions with a

dominant emphasis on anelysis and evaluation from those students who were

given guestions predominantly pased on the knowled~» type. However, it is

-

nteresting to note thet the teacher served only as a coordinator in the

use of tre social studies materials. Hunkins concluded:

The restriction of pupils to answerinzg questions with no oppor=-
tunity for discussion may have tended to reduce their enthusiasm and
o stifle threir development of critical thinking. Discussion of the

: by

moeverials and the questions by teachers and puplils possibly would
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nuve contrivuted to greater and perhops significant differences ve-
twean Lue wwo treatient groups. Critiecal thinking would seem to de-
mand. that pupils be given the opportunity to reflect, to discuss,
and Lo question further. The absence of this opportunity may very
well have served as a deterrent to the pupils' development of cri-
tical tieinkin:s. Too, puplls might have been affected adversely be-
cougse of lack of teacher interaction. (7, p. 703.)

nus, 'In the seiting of the classroom, questions posed by teachers and

children cre foremost among the stimuli whieh trigzer thinking and thus

set the tone of cogaition." (3, p. €57.)

Sanders Luws developed a taxonomy of questions which he believes sug-
cests toe following hypotiesis for educational research, "Students who have
more practice with intellectual skills will develop them to a greater de-
gree than those who nave less practice." (8, p. 6.)

The scudy undertaken was an attempt to expand some of the areas pre-
viously investizated and to further explore Sanders’ hypothesis.
Limitations of the Study |

It would secm that, from the review of literature, a project which
sousit to deterwine tne relaticnshiyp between tine dominant use of qguestion-
strotegies vy the teacner above the knowledge level and its influence upon
student performeance at higher cognitive levels of Bloom's Taxonamy of Edu-
cationa’. Objectives, to be a significant course for further research; how-
ever, Hunkins worns:

At the outset, critical thinking must be seen as a vague con-
cept; its common use frequently suggests that it 1s & slogan rather

Lhan & precisely Tormulated idea. The lack of instruments to mea-
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sure this type of thinking testifies to the difficulty of oringing

adequate definition to the concept. (7, p. 703.)

¢

It would seem that formal tesz'ing based upon standardized:tests or teacher
made tests may not be & suitable or adequate instrument to assess critical
thinking skills. Consequently, failure of high level questions to influ-
ence student performance ut high cognitive levels of Bloom's Taxonory of
Fducationzl Objectives may e attributed to a faulty measurement instru-
rent rather than to the uestions used during the course of instruction.
The lenwth of instructional time, for the ex»~rimental group, may noﬁ
e sufficieﬁt to stimulate and foster complex cc_ stive functions, parti-
cularly if the children have had little experience in responding to ques-
tions which ask them to manipulate informat on heyond the level of recall.
Lack of teacher experience in developing a proficiency in uﬁilizing
thect o -provoking recsoning questions may affect the_data and results.,
The underlying nypothesis of the study was not restricted to certain
types of students, prade levels, or subjecﬁ maﬁter; however, the study it-
;

self dealt specifically with a given unit of study and population.
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CEAFIER II
DESIGN AND LIMITATION
Desi n of the suud;

Tier Cirst siep in the developuest of the study wis the consbruction
c1 “wﬁ torms, © and B, of o scieace unit dealing with plants cad seeds.

Ino fori. o, instrucvionnl technicues were bhased wredomingantly uvon the
uge of questionin: stratesies requirina cognitive memory tyne responses
Pror Lo uells, i.2., most ol the questions asked by the teacher were low
O L QO'nitiVU~emphusis scale. In form B, instructional techniques were
vased sredoninantly upon the use of questioning slrategies requiring re-
sponses from Lne puplls avove the cognitive memory level, i.e., most of
tne questions asked by the teacher were hish on the cognitive-emphasis
scule,

4 randomly selected nopulation of thirty third and fourth grade
ounils ot Lew Wolloce Elementary School in Harmond, Indiana was divided
into wwo roups of fifteen. The control mroup was handied by a cooperating

texcner using Form A of tne science unit. The writer nandled the experi-

aental croup uniny form B ol the science unit,.
Peior wo ingtrucition, a paper and pencil pre-test was administered

to wotn roups. The test ¢uestions reflected the six levels of Bloom's

Taxonony of Edusational Ovjectives. Scoring of the tests was conducted

afier the study was cpmpletéd. (pee L41)

A parallel post-test rellecting the six levels of Bloom's Texonony
of Bducationnl Chjeciives wus 5ivén to each group upon completion of their
instructional unit of study. Scoring of tne tests was"condgcted alter the

study Jas completed for both sroups.
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The statistical basis Tor testing the hypothesis wus based upon ap-
nlying u t-test to test scores (pre- and post-tests respectively) to de-
termine the sipnificance of differences between the two treatment groups
wrior to instruction and after instruction.

The basic generalizations covered by both groups in the science unit
were:

4. TPlants that grow from seeds need proper conditions for germination.
B. PFor wroner growth, green plants need light, proper tempefature,

an& water.
C. ©Several parts of a plant function in special ways to keep the

»lant alive and growing.

The behavoriasl objectives for the control group using form A were as
follows:

Knowledge

1. Given a diagram of a lima bean seed, the child snould be able to
correctly label each of its three parts.

2. {iven pencil and paper, thé child should be sble to list at least
three conditions necessary for seed germination.

3. Civen three growth rate charts showing the effecté Qf improper
watering and temperature to lima bean germination and.the inter-
nretation for any one of the three charts. The level of accept-
able rerformance is being able to approximate as closely as pos-
sible the given interpretation.

L. Given two growﬁh rate charts, one showihg the growth rate of a.

Lime rean seed civen Loo ruen witer, and tha other chart showing
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Lag norwal growth rute of o lima bean seed, drawing pater and
pencil, the c¢hild should be able to correctly reproduce one of
the two charts.

Given a diagram of a lima bean plant, the student should be
able to color in those parts which supply food for the plant
embryo.

Given several seeds of various sizes and planting depths, the
student should be able to correctly match all the seeds in
decending order with the deptn for planting.

Given sencil and paper, the student should be able to‘list,jhre%
condivions necessary for proper plant growth.

Given a series df lima bean plants being grown under vérious
conditions and a chart listing improyer conditions for plant
growth, the student should be able to select only those plants
which demonstrate the imvroper conditions for plant growth;
Given rencil and parer, the studént should be able to correctly
match tne ;afts of a ;lant to its particular funcﬁioh.

Given the procedure in making a colored stalk of celery{ the
student should be able to reproduce the procedure'by making a
colored stalk of celery in a.cplor of his choice..

Civen a diagram of a plani; the student should be able to cor-
rectly label each part.

Given pencil and .aper, the studsnt should be able to correctly
describe a piven procedure for transnlanting a lima bean plant

from one container to another. -

behavorial objectives for the experimental group using form B



e

vere as follows:
inalysis
1. Given ihe opportunity to examine the structure of several dicot-
vledonous seeds (exceplt tne lima vean seed), the student should
Pe able to infer tihe structure of the liﬁa bean seed by drawing
and laveling what he infers its structure to be.
Synthasis
2. . Given uccess to materials, the student should be able to design

o plan for exverimentation which will test the effects of vary-

ing Lhe conditions of water, alr, temperature, and soll upon
soed permination of = lima bean.
Synthesis

5. Given unorgunized data on the growth rate of a radish seedling,
consicving of the amount of water, temperature and the kind of
scil gsiven, the student should be able to produce & bdar graph
showin» the seedling's probable gsrowth rate.

Bvaluation

4. Given o bar srapn oroduced by the student in objective tliree, and
2 osr :raph showing the normal growth rate of a radish seed, the
gtudent should be eble to justify two causes for theirAdifferences..

Bvaluation

5. Given the hypothesis thét lima bean seeds can spfout without soil,(

the student should be able to appraise the extent to which the

“hypothesis maybe true by Justifyinyg his opinion through experi~

menvation.

mvaluation
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¢. Given encil ana pa, er, the student snould be able to describe
1t least tnree different kinds of information which he feels
would be important to know if planting an avocado seed, and
explain why ne feels the information is important.

Annlysis

7. Givern a list of »rocedures for conducting an experiment to test
the effect of varying a plants water supoly, or amount of light
given, or temperature, the student should be able to correctly

‘identify those urocedures which would not be relevant for

conducting the given experiment.

o}

svaluation

Given ihe nyoothesis that in order to grow well, green plant need

[99)

vne wrorer amount of water, light and iemperature, the student
should be able to lan and construct experiments which would
contrasl pro-er conditions from its corresponding imprower con-
diction.
A rlication
9. CGiven a lima bean .lant, the student should be able to success-
fully transvlant it to another container, success will be deter-
mined if the plant continues to grow well in the new container.
Synthesis
10. Given & white carnation, the student should be able tq producé a
two colored carnation.
Bvaluation
11. Given e picture of a water 1lily plant, the student should be able

to predict the probable location of stomata and justify his pre-

O
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olction in two or more complete sentences.

Bvuluation

120 Given the opportunity to plant a garden outside the school, the
studentl shiould be able to select a location which he thinks is
the hest place for plant grdwth and Jjustify why he thinks it is
the best location by stating at least three reasons for his selec-
vion.

The following was the science unit, form A, presented to the control

GErouje.
Generalization A: Plants that grow from seeds need proper conditions
for germination.

Teaching Stratery

Discuss with tihe children if they have ever observed their parents or

other peorle start a flover garden or new lawn.

Questions - Cognitive-Memory

1. What di@ they plant?

2. Wwhat time of the year did they olant?

3. Vhere did tney plant their garden?

Teaching Strategy

Disnlay & labeled pict@re of a lima hean sced; point out the seed

couhing, nlant embryo ond plant Tood. .Give each child & lima bean

sood; dnatrucet the ehildren to identify the three parts. Give each

clild o shwet of drawing paper and instruct the children to draw u

picture of = lima vean seed and lebel its three parts so that iv

moebenes the disoloyed picture. As thne child finishes hils drawing,

) soint to each lubeled part and have the cnild state its name.
Q
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uzstion - Cognitive-Memory
Wnat are the three parts of a lima bean sced?
Teuaching Strategy
Dis Iny @« chnurt listi:g the conditions necessary for seed gormination.

rstruct bt children vo read the chart aloud. Present to e chlie-

-3

drer ovviiners of clurted limw bean seeds. One seed mey ce lonted
in vary watery soil, gnother seed planted in some very dry 301l, and
o seed clanted in gravel. Also disclay identified containers of lina
vesn seeds velng grown in the refrigerutor, on toi of a heat register,
and in o gings Jox with very little air.

aecthions - Cegnitive-Memory

1 Looking at the chart, wnal is wrong with the way each of these

lima tean seeds were planted?
2. Which statement on the chart tells you the right way to plant the
szed? (Ask this guestion as you point to each container. )

Teaching Stratezm

Give each cnild a lima bean seed and a container of soil. Have the
children :lant their seeds according to the uro.er conditions stated
on ihe chart.

Question - Cognitive-Memory

What are tﬁe nroyrer conditions necessary for seed germination?®

Teaching 3trategy
Present to the children several lima bean seeds germinating on a wet
caver towel. Tell the children that seeds do not need soil to sprout

vnecause they get their food from the seed. Point to the shriveling
ced nalves, tell the children that the seed halves are shriveling

Q
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cecctae Lhe lant embryo is using uo the food in the seed. After

“hn sliove demonstratvion, gzive the children some wet paner toweling

aud lLima teun seeds and have them repeat the demonstration.

wuestion - Cognitive-Memory

Man your lime vean seeds sprout without soil? Why?

Tenching Strategy

Digolay gardening Yooks, filmstrips, and other materials dealing with
lents.  Instruct the children to select examples from the materials
which demonstrate oro.er conditions for planting seeds apd/or impro,i-
er conditions for planting seeds. The children ﬁay draw one or two
ictures illustrating the examples they have chosen.
Question - Cognitive-Memory
what does your uvicture illustrate?
Teaching 3trategy
Dis lay seavoral identiiied growth rate charts snowing the effects
of too litile water, no soil and zold temperatures on seed germination
ans grcwthf Next to these charts, snow a growth rate chart for normal
sead Lrowth. EXylain the meaning of the charts and how to read them.
dJuestions - Cognitive-Memory
1. Which chart shows vroper plant growth?
a. What conditions are necessary for prover plant growth?
3. Which chart shows what happens to plant growth when not enoug@/
watef is given to the plant?
k. 'Which char£ shows what hapuiens when the plant uses up all its
food in the seed and doesn't have soil to grow?

5. Wnienh charc shkiows wnat hapsens to plant growth when the tempera-
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ture is woo cold”
Teaching Stratvegy
Give the children drawing paper and instruct them to copy one of the
growth rate charts and label his chart according to.the given example.
“uestiocn - Cognitive-Memory

Wnat does your zhart show?

‘Teacning Strategy

Ask the children to describe a frisky dog.

Questions - Cognitive-Memory

1. Wnere does a dog get its energy?

2. Wnere do ueo.le get energy?

Teaching Strategy

Display a diagram of a lima bean seed.

Questions - Cognitive-Memory

1. Where does a plant embryo get its food to sprout?

2. From our observations in germinating seeds on wet paper towels,
do seeds really need soil to sprout? Why?

3. What happened to our seeds on the wet paper towels after a while?

I, What did the shriveling seed halves tell you?

Teaching Strategy

Display six lima 5ean seedlings, one pair with both cotyledons miss-
ing, one pair with one cotyledon missing and the last pair witn the
nlant embryo missing. Teli fhe children that the plant embryo.is the
-art of the seed that grows.

Questions —lCognitiVe-Memory

1. Which grour of seeds show a missing nlant embryo?
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2. Wnica group of seeds show half of the plant food missing?
3. Wnicn grou:. of seeds show no food for the plantlembryo?
L. Which paily of seeds have the most food?
5. Which of these pairs show a plant embryo that will not grow on

a wet paper towel” Why?
Teaching Strategy
Place the above seedlings under an inverted cardboard box. Tell the
children that this procedure is to prevent the sun from helping the
seeds to grow. Have the children observe daily progress of seed
growoh, and keep tihe seedsvmoist.
Tuwestions - Cognitive-Memory
1. VWhich rair of seeds show the most growth?

2. Wnich pair show the least growth? Why"

. Teaching Strategy

Cive the children a sheet of drawing paper and instruct them to draw
a plcture of a lima vean seed . Instruct the children to color in the
areas whiéh sunnly the plant embryo with fﬁod.

Teaching Strategy

Disnlay some radisnh seeds next to some lime bean seeds. Emvhasize

hov rmuch smaller the radish seeds are in comparison to the lima bean

-seeds.

QJuestions - Cognitive-Memory
1. Wnere does a plant embryo get its food to sprout?

2. Which group of seeds contain the most food for the plant embryo?

Tell the children that the deoth of .lanting a seed is related to the
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size of tie seed. Tell the children that smaller seeds require shal-
low ilanting because they contain just enough food to help the plant
embryo reach the surface. Instruct the dhildren to read the plant-
ing deonths given on several seed packages. Instruct the children
the arrange the seeds inside the seed packages in decending order
with the given depth for planting. The children may plant the
given seeds in containers of soil according to the depths recommended
oin the seed packages.

Questions - Cognitive-Memory

1. What are.the names of the seeds you are planting?

2. How deep should you plant your seeds?

3. Which group of seeds will be planted less than one inch deep?

L. Wnich group of seeds will be vlanted one inch dee;?

Generalization B: To grow well, green plants need water, light and
the proger temverature.

Tedching Strategy

Disvlay a chart showing the conditions necessary for seed germination

and conditions necéssary for continued plant growth. Instruct the

children tc read the charts orally. Tell the cnildren that in order

for lants L0 stay healthy, they continue to need the right amount of

water, light aﬁd temverature. Next to the charts, display several

young lima bean plants. Each of the lima bean plants should be in a

container:which is_marked according to the.improper condition the

élant is being grown. Instruct the children to describe éaéh plant

according to the described conditions given on the containers. In-

struct the ohildren to maten each imrroper condition they describe
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S10L LaC corres, onali,s o roner condition found on the chart.

sucstions - Cognitive-Memory

L. Whet neppens to a olant given too much water?

¢. Whnual neoepens o & | lant not given enougnh water?

3. What nayp.ens to a :lant grown under cold temperatures?

I, What hajpens to a .lant when it gets too mucnh light?

5. tWnal are the _ro;er conditions nccessary for maintaining a
acalthy olant?

Tencning strategy

Insoruet tue children Lo continue growing the young lima bean :lants

according to the imrroper condition marked on each container.

Generalization C: Several iarts of a plant function in special ways

to keep the plant alive and growing.

Dis;lay z laveled diagram of a lima bean plant. Instruct the chil-
dren to orally state each part of the plant as you point to its name.-
{3ive cach cnild é sheet of drawing vaper and instruct them to recovy
tne given chari, correctly laveling the three parts of the plant.
Quesiion - Cognitive-Memory

What are the three vorts of & lima Ttean plant?

Teaching Strategy

Instruct the children to examine the root of a lima bean seedling
under a mezgnifyving glass. Identify for the children the tap root

ana rogv halrs. Teil vhe children that plants absord water through
Lhedir root system; the more roct hairs a »lant has, the more water it

can get. Tell the children, also, that wnen one transplants a plant
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Crom one ared Lo another, one neaeds to be careful so0 as not to dam-
wee Lhe vlant's root system. When one severely damages the root sys-
“em of a ;lunt, the plant is unable to get the water it needs to stay
nealiny .
Juesticn - Converpent
Why stiould should gardeners be careful when they digfup plant; and
replant Lhew in anotluer location?
Teuctiing Strategy
Snov Lhw cnlldren now To transplant o lima bean .olant with minimun
dnmce o Lae root system. Give each child a lima bean 1lant and
instructh them to transplant theif nlant to a different container.
During %his activity, stress to the children the procedure viat was
stiown to them.
Teaching Strategy
Disilay a stalk of celery in some colorgd wvater. Show the children
how the colored water travels up the stem to the celery leaves. In-
struct the cnildren to examine the colored fibers of the celery stem.
Tell the children that the stem of a plant transports water from the
roots to the leaves. Jive each child a stalk of celery and instruct

them to make their own colored celery stalk by using the food color-

duestion - Cognitive-Memory

4

What ig the function of the stem of a plant?

How do you makse & colored stalk ol celery?



1.
Tell the children that leaves are also imoortant o .lants because
tney take in ailr through tiny openings called stomata. Display a
nagnified lcture of a leaf showing the labeled stomata.
Juestion - Convergent
Why are leaves important to plants?
westion - Copnitive-Memory
What cre the tiny ogenings on leaves called?
Teaching Strategy

=

Give eacn nhild & sheet of drawing narer, instruct the children to
draw a picture of a leaf showing its stomata.
Teaching Strategy
Fit a two-uule rubber stopver into a flask or narrow-necked jar. In-
sert a long stemmed leaf in one of the holes and & piece Qf glass
tubing, bent at a right angle, into the other hole. Add water so
that the stem of the leaf is below tne water level when the stopper
is ingerted into the nack of tne flask. Insert the stopger into the

neck of th

el

flask, use paraffin to seal holes. From the glass tub-

ing, suck the air._ Air bubbles'shoﬁld appsear in the water. As you
erform the exveriment for the children, identify the air bubbles in

the water. Explain to the children that the air bubbles are caused
by the air traveling through the stomata in the leaf and being forced
into thne watér.
Question - Cognitive-Memory
Where does air enter a leaf?
Question - Convergent
Whnat is causing the ailr tuboles in the water?

Q
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JAruitoxt provided by ERic



O

ERIC

Aruitoxt provided by Eic:

20.
feachlny wurute
Coutl the lenf in the alove experiment witn petroleum Jjelly. Again
suck thc‘air through the glass tubing.
duostion -~ Cognitive~ Memory

What tiny opening; is bheing blocked vy the petrolewn jelly?

C1

Question - Convefgant

How 4id I grevent air butbles from appearing in the water?
wuestions - Cognitive-Memory

1. What function do roots perform?

2, What function do stems perform?

. wnat function do leaves verform?

4. YWhat are the three parts of 2 seed?

5. “hat conditioné are necessary for seed germinatidn?

. What conditions are necessary for continued plant :rowth?

7. Vhat hapvens when nlants are given too much water?

Se  How do plunis Llook when they ¢ e not heallhy?

. How do plunts look when they are healthy?

10. dhat importont thing must you remember when digging up plants?

P P,
nens

The {ollovwing was the

4]

cience unit, form B, opresented to the experi-

1 roun.

Generalization 4: Plants that grow from seeds need proper conditions
for germination,

hing Surategsy

Discuss wilih the children if they have observed théir parents or other

people sturt a Llower rarden or new lawn. Instruet the children to

doserive wviat is done in planting seeds. After the discuscion, snow
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a few lima btean seeds next to o young lima bean plant.

duestion - Divergent

If this plant was grown from & seed, such as this seed, what do &ou
suppose is inside the seed to make such a plant?

Teuching Strategy

Give each child a veanut. Tell the children to remove the protective
pod or "shell." Instruct the children to find as many different parts
to the seed as they can. The children may describe what they observe
verbally and by drawing a diagram of their observations. After this
initial activity, work with the chilaren ;n identifying the reddish/\
brown seed covering, the two seed halves and the plant embryo. Place
other dicotyledonous seeds on display. Instruct the Ehildren to ex-
amine these seeds.for similarities and/or differences in structure.
Childrenvmay make additional drawings of their observations.

Question - Divergent

From what you have ovbserved, what dp you: suppose the lima bean seed
lpoks like insidev

Teuéhing Strategy

In response to .the above question, have the children make & drawing

of their inferences and identify the.structures.

uestion - Evaluative |

Why would you think that all seeds have or do not have the same parts?‘
Teaphing Strategy

Review with the children their observations of people nlanting a gar-
den.

Juestion - Bvaluative
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Wiy do yon think ceo le clant. flower seeds in bthe s)pring®

wuestion - Convergent

What ls winter weather like compared to s ring?

tueshion - Dirergent

What might be some conditions necessary for seeds to grow?

Questions - Evaluative

1. Why do vou believe the conditions you mentioned are important:
2., Do yon think seeds need goil to sprout?‘ Why do you think so?
Juestions - Divergent

1. %hat might hapﬁen if you forgot to water your seeds? What would

they look like?

")

. What might hap en if you gave your seeds too much water? What
would they look liker

What might hop,en if you »lanted some lima bean seeds in the de-

h)
A

sert’, the ertic?, on the moon?
wrescio, - Bvaluative

Why do o cuink those things would happen®
Teacoing Stratesy

= Insiruct 2 ohild to write the cnildren8l) respoases to the above quas-
+ions on chart :over ror the purpose of clarifying or refining hypoth-
zoes alftor experimentation has been made.

Huestions - Evaluative

at do you think are imocortant things to know about the desert

)_.)
5:
=

to hel - us set-up an exoeriment to see if lima veans could grow

in the desert? Why do you think so?

N

> What do you think are importpdt things to know about the artic
<% -
o

Aruitoxt provided by Eic:
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to hel us set-u. an experiment to see if lima beans could grow
in the artice!

Yhat do you tnink are iw;ortant things to know about the moon to

(W)

hel;: us set-u an 2xperiment to see if lima beans could grow on

the moon?
Question - Cognitive-Memory
Where could we go to find information?
Teaching Slrateyy
tlave the children gatner Looks, magazines, filmstrins, etc., about
the desert, artic and the moon. Divide the children into three com-
mittees. Instrucl each: commitiee to list information, using the re-
source material, they velieve would be important facts to know i they
were £0ing to seE/hp an experiment to see if lima beans could grow in
one of the mentioned arcas. Each committee should be assigned one
area. After the above activity; have each committee report their in-
formation to thewgroup.
Question - Evaluative
Do you think the informﬁtion this committee reported is important to
know in.helping us setfup an exgeriment to find out if lime beans
could grdw in their area? Why do you think so?
Teaching Strategy
Display some paper towels, several drinking cups, half-pint milk car-
tons with the tops removed, soil, sand, gravel, and a large glass Jar
with a screw on top. Review with the children their recorded responses
on the chart papger, and the information re;orted in fhe above activity.

Question - Divergent
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1. How zould we use these materials to find out if lima beans could
grow in the desert?
?. How could we use these materials to find out if lima beans could
grow in the artic?
3. How could we use‘these materials to find out if lima beans could
grow on the moon”
L. How could we use these materials to find cul what would hap,.en
if lima bean seeﬁs are given too much water?
5. How could we use these materials.to find out if lima bean seeds
can sprout without soil?
Teaching Strategy
Invite o:en-end experiments with other kinds of germinating seeds
under the conditions established by the children.
Teacning Strategy
Once basic nlans have been established by the children as to the pur-
sose and procedure for the experiments, divide the children into small
grouss. BEach group will be responsible for a given set of experiments.
Instruct the children in how to construct a growtn-rate chart.on seed
germination for a given condition. . After a week or so, draw the - groups
Logether to report their findings. Have the children compare their
growth rate charts with a graph showing the normal seed germination rate
under pro.er conditions. Help the children to develop some tentative
conclusions from their experiments about copditicns necessary for
seed germination.
Question - Evaluative

Wnich of these conditions, air, water, temperature, soil, do you think.

i



.
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are lmoortant or unimportant to seed germination? Why do you think
507

Teaching Strategy

Present to the children unorganized information consisting of water
glven per day, soil tyve, and degree'of temperature for a lima bean
plant. TInstruct the children to p»roduce a bar graph showing the plants
nrobable growth rate.

lTeaching Strategy

Instruct the children to describe a frisky dog.

Question - Divergent

What would hapen if peo,le as well as animals could not get their
energy from food!

Teaching Strategy

Display some germinating seeds 6n a wet pa;er towel. Have the chil-
dren discuss their observations. Point ou£ the plant embryo and tap
root.

Juestion - Divergent

Where do you think the seed is getting its food to grow?

“uestlon - Evaluative

Wny are these seeds able to sprout without soll?

Question - Cognitive Memory

What do you see which may offer a clue as to where seeds get their
food:? (Point out the shriveling seed halves, if no one mentions it.) _
‘-uestion - Divergent

What do you think may be causing the seed halves to shriQel?

- - fuestion - Fvaluative

ERIC

Aruitoxt provided by Eic:
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Why do you think so¥

Question - Divergent

What ways might we find out if the shrinking seed halfé'has something
\

to do with where the plant embryo gets its food?

Teaching Strategy

Work with the children in planning experiments to find out what will

na;wen to seed germination when &) both cotyledons are removed from

the nlant embryo, b) one cotyledon is removed from the plant embryo,

¢) no ‘cotyledons are removed from the plant embryo. Place all the

seeds under & large, inverted cardboard carton to irevent photosyn-

thesis.

Question ~vaaluative

Uny are we slacing our seads under a cardboard carton?

-uestion - Divergent

What might hapren to our seeds if they were not oput under a cardboard

carton?

Juestion - Convergent

How could you find out?

Teaching Strategy

Have the cnildren duplicate the experiment without the cardboard car-

Lon. After a week, com.are the rate of plant embryo grbwth for each

grou~ of seeds.  Discuss with the children how light may have affected

the exveriment. Discuss with the chjldien the purpose of the exper=-

iment and the variables being tested. |

Question - Cognitive-Memory

e . . 3 ]
Wnich plant embryo is growing the best!i
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ruesuion - hBvaluative
Whny do you tnink it is growing the best?
Teaching Strategy

Disnrlay & grous of radish seeds next Lo a group of lima bean seeds.

3

Hove tne children discuss their observations.

¥

“suesition - Divergent

1f the seed halves contain food for growth, do you think these two
kinds of seeds contain the same amount of food?

Question ~ Evaluative

Why do you think sof

vuestion - Cognitive-Memory

Where does a seed get the energy it needs to push up to the surface -
and nelr it grow for the first Tew weeks?

Tuestion - Tvaluative

Do you think it is important or unimportant to know now deen» to plant
seedsy Why do you think sof

fduestion - Divergeht

wﬁat would nhapnen if we planted the radish seed very deep in the ground?
Teécﬁing Strategy

'Have the children plant radish seeds and lima bean seeds at various
depths in the soil, water each group -of seedslas u;ual. Discuss with
the children the purpose of the experiment, that is, what variable
they are>testingf

Question - Evaluative

Why do we water each group of seeds the same amount of water?

Teacuing Strategy
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~{ter Lwo weeks, draw the grou: togetiler Lo discuss the results of

the cbove wx;eriments.

LQuestion - Convergeat

What do you notice about the size of the radish seed and the denth

of ~lanting’

duestions - Evaluative

1. What do you think is imnortant to know about the seeds you plant?
vhy do you think so?

2. If you were going to write instructions for planting carrots,
what do you think would be important to know about carrots?
Why do you think so?

Teaching Strategy

Have tne children write planting instructions for carrot segdsa Have

then compare the information they give with the planting instructions

given on a .ackage of carrot seeds.

Gleneralizotion B: Fof nroper growth, green plants need light, proper

tempverature znd water.

3

‘acching Strategy

feview with the children the conditions that they found were necessary
for seed germination.

Suestion - Evaluative

Are 2ll of these conditions necessary for continued plant growth?

wWhy do you think so?

‘uestion - Divergent

If plants need water, how much water do you think is enough?

Teaching Hirategy
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Instruct the children to plan experiments to determine the effects
of varying a plant's water supply.

Questions- Divergent

l. What do you think will happen if a lima bean plant recelves only
a small amount of water each day?

2. What do you think wi;l happen if a lima bean plant recelves only
polluted water each day?

3. What do you ﬁhink will happen if s lima bean plant recelved a
large amount of water each day?

Teaching Strategy

Instruct a child to record the group's hypotheses on chart paper In

response to the above questions: In a week or so after experiments

have been conducted by the children to test their hypotheses, ine

struct the children to remove the plants from their contailners aﬂd

closely examine the plants' roots, stems and leavés: After a dis=

cussion of their observations, review with them the responses they

had made previous to conducting the experiments:

Questions ~ Evaluative

1. Do you think it is better to give a plant too much water or not

A enougiy water? Wny do you think so?
2. Do you think it is better to give a plant polluted water rather
than not enough water? why do you think sc?

3e Do‘you think the results of our experiments supported what we

thought would nappen? Why do you think so?

Teaching Strategy

Discuss with the children their previous experiences with sprouting
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lime bean seeds under aa inverted cardboard box.
Question - Convergent g
Way 4id our seeds sprout just as well for a time in the dark as in
the sunlight?
Question - Cognitive Memory
What happened to the seeds sprouting in the dark after a while?
Question - Convergent
Why did that happen?
Question - Evaluative
S Which group of seeds do you think sprouted the besgf after a vwhile?
Why do you think so?
Question - Convergent
How do you explain why the one group of seeds grew better?
Question - Divergent
ff the plant embryoc used the sunlight to help it grow after it usgd
most of its food, do you think the plant will continue to need sun-
light? In what ways might you show others why you said "yes" or.
"no"?
Teaching Strategy
Instruct the children to plan experiments which would test their
hypothesis, D;scuss with tﬁe children the purpoée.of'the experiﬁents:
Questions - Evaiuative
1. What do you think you will need to do different to each plant?
Why do you think so?

2. What do you think you will need to do that is the same to each

plant? Why do you think so?
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Teacnln; Suratesy

Alter atout a week, have the children examine the plants, Disgcuss
with the children how suniight affects plant growth:

Question - BEvaluative

If some of our friends wanted to see is plants grow better in the
sunlight than in the dark, what do you think would be important ine-
formation to give them in helping them to do the same experiments
we Just did?

Teaching Slrateg

Have the children take turns recording the group's responses on

chart paper.

Questions -~ Bvaluative

e
ct
[r}

Do you tnink the kind of light a plant gets is important to

[
t o

growtn? Why do you think so?

2, We have found out that too much water will hurt a plant, do you
think that it is important or unimportant how much light a plant
gets? Why do you think so?

Question - Cognitive Memory

What are soms sources of light?

Question - Evaluative

Which kind of light, sunlisht or indoor 1light, do you think is besf

for srowing plants? Why do you think so?

Question = Convergeﬁt

liow could we Tind out?

Heaching Strategy

R

Wors with the cnildren in planning experiments which will test the
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ei'tests o sunlight on plant srowth and indoor lighting on plant
Srowti .

Question - Evaluative

Is it inportant to make sure one - . our plants is not getting sun=-
Lizht? Vhy do you think so?

Question -~ Divergent

What ways mizht you make swre that one plant is only getting indoor

Question - Dvaluative

Why would we or wouldn't we water both plants as usual?

Teaching Strategy

After the avove experiment has been established, work with the chil-
ren in planning additional experiments to tést the effects of the
amount of light a lima bean.plant receives.,

Question = Divergent

Suppose we did not have night and it was dai:iime all the time, what
might our plants loék iike then?

Question ; Evaluative

Do you think a plant will grow better if it has light all the time?
Why do you think so?

Question - Convergent

tiow Can.we find out?

Teaching Strategy

Work with the children in planning experiments which will test the
effects of a constant light source on plant growth in comparison to

. - 0 , - - ~ = A
the normal amoui of light & plant receives during the course of a day,
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Juegtion - Diversent
What ways might you use to show what will happen to a plant Lhat sets.
light twenty-four hours a day?
Quevstion - Bvaluative
Is it important or unimportant to remember to turn off the lights
for our olher plant when we gzo home? Why do you think sof
Teaching Strategy
Alter sceveral days, have cnildren examine both nlants. Discuss with
tiwe cnildroen how the amount of light a plant receives influences its
growti.
Teaching Strategy
Review witii the children the condipions that they found were necéssary
for seed germination..
Question - Evaluative
Why would & farmer worry about the weather after his =lants have grown
in tie lote sunwaer?
Teacnlin, Stratesy
Dig 1oy n icture of o »erson covering nia ;lants.with slastic bapgs.,
2ues lon - Cognlibive-Memory |
Wnoed iz the erson doing in the icture?
aesbion - Evalustive
Why is tne .erson covering his  lants?
Teaching Strategy
If the children are uneble to reason the answer, have them read the
nlanting instructions for lime Lean seeds.

Question - Cognitive-Memory

ERIC

Aruitoxt provided by Eic:
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What vime of year id recommended for ilanting lima bean seeds.
Guestion - Evaluative
Is it im ortant or unimportant that this information is given? Why
do you think so?
Question - Divergent
What ways ﬁight we find out if it makes a difference what time of the
year a farmer vlants his lima bean seeds?
‘Peaching Strateg
Work with the children in planning experiments to test the effects
ol cold temyératures ucon continued plant growth.
suestion - Evaluati?e
If we put one of our lima bean plants in the refrigerator to see
if cold tem;eratures effect plant growth, what things do you think
are imuoortant to do for that plant? Why do you thihk so?
Question - Cognitive-Memory
illat is the puriose of our experiment?
Question - Bvaluative
A refrigerator has a light bulb that goes off when we shut the door,.
do you think this information is importaht or unimportant to know?
Why do you think so?
Qﬁestion - Divergent
What ways might you devise to make sure that the plant in the refrig-
erator got the pro;ér amount of light it needs?
Teaching Strategy
Encourage the children to think of other ways they might show how

cold temreratures influence plant growth. Have the child;en plan
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and construct experiwents tésting this variable.

Generalizatior. C: Several parts of a plant function in splecial ways
to keep the vlant alive and growing.

Teaching Strategy

Ask the children to name several parts of most green plants. Display

a lima bean plant, and instruct the children to identify its struc- .-

ture. Instruct the children to identify similar structures in beet,

carrot and radish plants. Discuss with the children the relation-

shii+ of their structure to how they are positioned in the soil.  Dis-

»lay a lima bean sprout, and instruct the children to examine the tap

root with a magnifying glass. ﬁave the children identify the roof

hairs.

Buestion ; Bvaluative

Many gardeners have trouble when they dig up plants and replant them

somewhere else. Even if the gardeners water the plants carefully,

give them plenty of iight and the right témperature the plants do.-

noorly, sometimes they die. Why?

Question - Convergent

How are roots important to a plant?

Teaching Strategy

Disulay three closely matched, vigorous bean seedlings growing in

separate containers, aluminum foil, a large tray or pan and a hand

sprinkler. Challenge the children to think of an experimenﬁ,.using

the materials given, which would hélp determiﬁe tne function of the

root structure of a plant. Instfuct & child to syrinkle water on top

of the ,lant.
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fiuestion - Cognitive-Memory
Where does the water fall before it sosks the ground?
Question - Divergent
If you were given these materials, what are some exverimeni:z you cbuld
set-up to find out if roots are really needed for water absorbtion?
Question - Evaluative
Which part of a plant, the leaves or roots, do you think is better
equiined to absorb water? Wny do you think so?
Teaching Strategy o
Have the children construct exveriments which will test the effects
of watering a plant only at the roots and only at its leaves. ’After
several days, instruct the children to examine the condition of* the
two clants, Discuss how roots function in helping the plant grow,
and stay healthy.
Question - Convergent
Why is it a good idea to be careful vwhen digging up plants?
'Question - Divergent |
What would hap,en if we pulled 6ff soﬁe of the roots on a plant and
replant them?
Question - Evaluative
Why do you think so?
Teacning Sﬁrategy . »
Display two bean ylants and instruct the childrenbto think of an ex-
‘periment which would helf them find out how the Qestruction of a plant's
root structure affects plant growth. Displaj a picture of tﬁe rodt

systém of a willow tree.
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ZTuestion - Jonvergent

How is a willow trec¢ like a lima bean plant?

Teaching Strategy

Disnlay o picture of a tree with & koot system that is not as exten-
sive as the will.. “ree's root system.

Question - Evaluative

Which tree would you prefer to plant in your yard? Why?

Question - Divergent

If you were 'Mother Nature", how would you help lime beans survive
in the desert”

Question - Evaluative

Why would you or wouldn't you worry about weeds in your garden?

Teaching Strategy

Tell the children that florist often color their white cafnations
green for 5t. Patrick's Day. Display & green carnation.

Question - Divergent

How do you subpose this is done?

Teaching Strategy

Ipvite the children td make a colored carnation. Challenge the chil-
dren ﬁo make a two colored carnation. Give the children several days
for this activity, befors =2cgking the following questions.

Questioi - Convergent |

How is water transported frpm the roots to the leaves?

Teaching Strategy

Disoplay a stalk of celery, a container of water and some food dye.

Question - Divergent
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If you were given these materials, in what ways might you show how
the leaves of a plant get water?
Teaching Strategy
ATler the celery has been immersed in the colored water for a few
minutes in ;%rong sunlight, inst:uct the children to examine the spi-
dery network of colored lines by pulling apart the stalk of the celery
and exvosing the individual tubes. Discuss with the children the
functions wnlant stems nlay in maintaining the health of a plant.
Teaching Strategy
Dis;lay a lima bean .lant.
Question - Divergent
What Qo'you think would happen if we removed the leaves from this
~lant?
Question - Evaluative
Yhy do you think that would happen?
Teaching Strategy’
Instruct the children to plan an experiment which would test the o
affects of removing a plant's leaves onn the plant’s.growth and healthL
Teaching Strategy
Instruct the children to cvserve a leaf under a microscope, or dis-
play a diagram of an enlarged leaf. Have the children discuss their
ovservations. Identify the Jeaf openings or stomata.
Question ~ Divergent
Why do you suppose a leaf would have these openings®
Teaching Strategy

Fit a flask or narrow-necked jar with a two-hole ru¥ber stopper. In-
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sert, in one of the noles, a leal with a long stem. Insert in the
other hole a piece of glass tubing or a plastic soda straw ben at an
angzle. Add water to the flask so that the stem of the leafl is helow

the level of the water whea the rubber stopper is inserted into the

nack of the flask. Paraffin may be used to seal the holes.

Juestion - Divergent

Wrat do you think Wwill happen if you were to suck air from the
soda straw?

Question - Evaluative

Why do you think so?

Teaching Strategy

Instruct a child to suck air from the soda straw. Air bubbles should
appear in the water. Discuss with the children their observations.
uestion - Divergent

From where do you sup, ose the air bubbles are coming?

Question - Evaluative

Sometimes you see neosle "'dusting” their plants. Do you think they

_are being éilly? Why do you think so?

Question - Divergent

In vhat ways might ybu vrevent air bgbbles ap.earing in the water
when you suck through thé soda straw?

Teaching Strategy

Have the children identify were the majority of stomata are loéated
on a leaf.

Question - Bvaluative

Do you think it is important or unimportant where the stomata are
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located on & leaf? Why do you think so?
Question - Divergent
What dc¢ you supyose would happen if the stomata were-clogged on a
nlant ieave?
Question ~ Bvaluative
Why do you think so?
'Teéching Strategy
Instruct the children to u.lan an experiment which would test effects
of clogging the stomata. on a plant's leaves. Discuss the results of
the exgeriment as to the function leaves play in plant growth and
health. |
Teaching Strategy
Display : picture of a pond of water 1ily leaves.
Question - Divergent
Which side of the water 1lily leaves would you probably find stomatat
Question - .Evaluative
Why do you think so?
Teaching Strategy
Instruct the childrep to plan a garden for the school.
Question - Evaluative
Whereiis the'best location for a school garden? Why do you think so?
Teaching Strategy
Take the children to a garden’store, or any store where gardep secds
are sold.
Guestion - Evaluative

Which kind of szeeds will you plant in your garden? VWhy?
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Inzerucet o cnildren to pleant thelr seeds in the school yard. Al-
Lernante - rouns of children to meintain the gerden to insure plant
rovih and health., After several of the plants have reached matur-
ity, instruct the children to replant them in containers. Instruct
the c¢hildren to write a story about their plants. The stories nay
include the name of the plant, the method for planting its seeds,
and how the plant should be cared for to insure a healthy specimen.

Proposed Metnods of Collectiny; Data

The proposed methods for collecting data was the administration of
the followin; teacher-made tests to both.treatment groups.

Pre-Test:

Knowledre

1. Write o letter in each box that names the correct part of the
nicture.
A+ plant food
B. tap ;oot

C. geed coat

D, plant embryo

2. Label the parts of this plant.

Compreliension



L2,
3. Pretend you have planted & lima bean ilant unaer a large tree
and you forgot to water your plant. Draw and color a picture of
what your plant will look like.
L. A friend wants to plant some carrots. Underline the sentence
that tells what he should do first.
A. _He should syray bug poison on the ground.
B. He.should dig un the ground with a shovel.
C. He should find a sunny place.
D. He should sprinkle plant food on the ground.
Ainlication
5. While your friend's carrots are growing, he goes on a vacation
and asks you to take care of his carrot garden. What things will
you do to take care of his garden?
©. Your friend also wants you to take care of his house plants! How
will you take care of his plants?
Ahalysis
7. While you are caring for your friend's house plants, you notice
that some of the leaves are turniné brown and falling fo ﬁhe plants.
Underline the sentence that is not a reasoﬁ for caqsing the leaves
;to die. |
A. The plants.need water.

B. The vlants are getting too much light.

(@]

It is very cold outside.
D. The room is very dusty.’
E. Tt is very cold in the room.

— F. The blinds are closed in the room.
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3 PToyen o ware going to lant some btomatoe seeds, anderling the sen-

tenee(s) which would be helpful information to know.

EE The weatherman states that the weather will ve very cool and

dry for the next few montﬁs.

L. The tomatoc seeds were bought last winter.

. Your garden contains a lot of sand.

D. Tomatoe seeds should ve planted one inch deep.

. The tomatoe seeds were found in a seed package marked "Carrots."
Synthesis

How might you show your friend that a plant needs only a certain

Oy

amount of water each day?

10. PFretend you have traded your candy for a magic seeds. Draw and
colqr two ictures. 1In the first picture, show the inside of your
seed; in the second picture, show your seed as a grown plant.

Fvaluation

il. Supcose you lived on Mars and wanted to plant a vegetable(garden.
What do you feel would be imjortant information to know about the

ilace were you lived? Why?

. Knowledge

1. MNeune the three parts of a seed.

2. HName the three parts éf a green plant.

Com. rehansion

3. . Pretend you have lanted a vegetable garden in November and the
next day it bhegians to snow. Draw and colof a picture of what your

garden will look like in a few weeks.

Q =

ERIC

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

N

5.

\

I
You 2ie going to lant & flower garden. Underline the sentence

which tells you what you should do first.

A. Remove all the weeds from the garden.

u

. Fird a sunny place.

)

. Read the rlanting directions.
D. S8, ray vbug poison on your garden.

. Woter ine garden.

S lication

fretend you have planted a garden of onions, what things will you
do to take care of your garden?
Your mother has given you the job of taking care of the house plants.

ow will you take care of thnem?

7. While you are caring for the house plants, you notice that some
of'the lezves are turning brown and falling off the planﬁs. Un-
derline the sentence(s) which would cause the leaves to die.

A, The :lants are gettingltoo much light.
B. It is very cold outside.
C. The room is very dusty.
D. The ,lents are near the heat register.
E. It is autumn.
3. If you were going to plant some radish seeds, underline the sen-

tence(s) which would be helpful information to know.
A. The radish seeds were found in a seed package marked "Tomatoes."
.B. The weatherman states that the weather.will be very dry and

cold for the next two months.



C. Your garden contains a lot of sand.
D. Your radisn seeds should be planted one inca deep.
E. Your friend bought the radish seeds last winter.
éjhéhesis
9. How mignt you show your friend that a plant needs light in order
to stay healthy?
10. Pretend you havé traded your candy for some magic seeds. Write
a short story describing the planting instructions you read on
the seed package.
Evaluation
11. Su..ose you moved to a strange new planet and you wanted to plant
a vegetable garden for food. What do you feel would be important

information to know about the place gsre you live?: Why?



CHAFTER III
FINDINGS

Comparison of Meuns

Tne findings of this study indicated no significant differences in
the typé of gquestioning strategies a teacher provides for his/ber students
relative to the given unit of study, and student performance at higher
cognitive levels of Bloom's Taxonomy of Educational Objectives.

The results of the t-test for the pre- and post-tésts is presented in
Table 1. The control group had slightly higher mean scores on the pre~ and

post-iests than the experimental group, but all differences were not signif-

icant.
TARIE 1. RESULTS OF SIGNIFICANCE TEST FCR
PRE- AND POST-TESTS AND CHANGE IN MEANS
Pre-Test Post-Test A X
Control X 20.7 37.07 16.37
Experimental X 21.3 | 36.87 15.57
R ' : <071 21k S W1k3

* Required for .05 level, 2.04

Tesp.Item Analysis

The percentage of chahge of intragroup scores for each question oh phe
pre-zand postftests iz presented in Table 2. The analysis shows that the
nighest percentage cﬁange'occured, for both groups, at the kndwledge 1ev¢l

of questidns one and two, at the analysis level ‘of question seven, and at
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the synthoesls level of question nine. A slight percentage change occured,
mowever, ol the analysis level of question eight for the control group,
with no chanpe occuring for the expefimental group. A slight percentage

change occured at the evaluation level of question eleven for both groups.

TABLE 2. TPERCENT CHANGE OF INTRAGROUP SCORES

Control Group Experimental Group
Paired Pre- Post- Pre- Post -

Question ¥ Test Test %A Test Test %A

1 2& 100 +76 13 98 +85

2 &2 96 434 51 89 38

3 . 3 o1 ;18 51 L2 -9

b ko k7 +7 53 73 420
5 Lk L e2T B €8 430

G Lo 60 +20. 42 58 416

T 0 51 451 7 ho ke

8 51 b9 w2 55 56 -0

5 11 o 429 2 3 432

10 ‘. 3k 51 417 Lo 48 +€

11 20' 19 -1 26 | 35. 49

* Questions
Questions
Questions

and 2, knowledge level
and 4, comprehension level
and &, application level
Questions 7 and 8, snalysis level
Questions 9 and lO, synthesis level -
Question ll evalustion level

O I\

ot ‘ A gr&ph,analyéis of percentage points received by each group for each
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L&,
nunber and sype of question asked on Lhe pre-test is presented in Fisure 1.
)

: . PRV I N v .
Tho rach suosest

i

s thot the control sroup nerformed slightly better than

r

Lhe experdmentel sroup on guastions one, two (knowledme), and question five
(;p;lication). The exporimental group performed slightly better than tiue
control ~roun on question six (application), questions seven and eilgnt
(annlysis), question ten (synthesis), and question eleven (evaluation).

Tne rreatest variance in.scores occured at the comprehension level where
the axverinental sroup received the higher percentage points for questions

three and four. Generally, the graph shows a close pargallel between the
rercent of points received for each question for each group and the number
and tyvpes of questions asked on the pre-test.

L praph analysis of percentage pointsbreceived by both\groups for each
number and type of question asked on the post-test is presented in Figure 2.

By

The sraph shows that toth groups scored highly on question one'(knowledge)
with the control grous scoring 100%, and.question two (knowledge) with %he
control croup scoring 96%. The greotest variahce of percen@uge scores ve-
tweeh hobh grbups occured at the conprehension level oquuestion four where
the exparimental groun reccived the higher percentage score. lowever, the
control proup performed slightly be@ter on question three at the comprehen-
gion level than aid the expefimental grouy, who scored higher on noth ques-
tions in this area on the pre-test. The control group perfdrmed slight;y'
better on questions five'kapplication), seven (anaiysis),-and questions
nine and ten (synthesis) thah‘did the expefimental group. Génerally, the
graph shows a closé parallel between percentage scores received for each

numver and type of guestion asked for both groups on the post-test with the

exception of quostion four and possibly question eleven,
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CHALLER IV
INTERPRETATION OF FINDINGS
Conclusion
In order for children to develop critical thinking skills, the rcla-
tionship hetween the kinds of questions a teacher asks in setting the toné
of copnition in the classroom and student performance above the knowledge
level as defined by Bloom's Taxonomy of Educational Objectives needs to be.
analyzed.
In a effort to explofe this relatiohship, a botany unit was studied
bty iwo groups (fifteen per group) of third aﬁd fourth graders., Instruction ‘
in the control group centered on the use of cognitive memory questions;
Dominént emphasis of instruction in the‘experimenfai group centered on the
use of cognitive leve; questions above the stage of recall.. Both groups
were compared with regard to the degree of change occuring in the develop-
ment of critical thinking skillé. The compexrison was bgsed upon applyiné
alE-test to mean groﬁp scores recéived on tgacher made pre- and post-tests
reflecting the six levels of Bloom's faxonomy;of Educational Objectives,
no statistically significant differences were found. Intragroup scbres and
percent of points receivéd by each group for each test item on thé pre- and -
post -tests were also analvvad..'
Althoush ¥ re-teo£ scored reveu¢ed a close parfhllel of percentage p01nts
received for ewcb question by both groups, it was noted that a w1de variance 
of scores occured by both "roups between guestions at a partlcular cognltlve_‘
. level. At the knowledge level both qroups scored pelow the 25/J level on

the first questlon in contrast to the second guestion in which both groups.

" scored above the 50% level.  This variance may be the result of knoﬁledge‘,”
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revention oi .a prior introduction to a botany study in the earlier grades
in which particular emphasis ma& have been placed on the anatomy of a green
plant rather than the parts of its seed.

Also noted was the wide variance of percentage scores received by both
groups on the pre-test at the analysis level (queétions seven and eight),
and at the synthesis level (questions nine and ten). It was moticed that
during the administration of the pre-test, by the writer, the experimental
group seemed confused as to what was meant by selecting a negative response
in question seven. However, little difficulty seemed to exist in selecting
the positive responses required in question eight. In light of the élight
variance which occured at the same level between questions seven and eight
by both groups on thé postétest in which the questions féquired positive |
responses, and assuming that a similar coﬁfusion also existed within the
control group on the pre-test question seven, it would than seem that a
coﬁtributing factor to the wide variance beﬁween questions seven and eight
on the pre~test oy both groups may have been due to the manner in whichr_
these questions where phraséd. It would seem that phrasing analysis gques-

tions so as to require a negative response may be more difficult for children

“to respond to than similar cognitive level questions requiring positive

~ responses. Furthermore, lack of experience in selecting responses which

do not belong to a given set of statements may have also contributed to the
wide variance noted.

The wide spread of perqentage‘scores on the pre~test between questions.

" nine and ten (synthesis level) by both groups may havelbeen‘duevto the manner

of response requiréd‘when c0mpared'with”questions‘nine and ten'at the same

. level on the post-test. It would appear ﬁhat lack of experience in trans- N




O

ERIC

OO A i Tox: Provided by ERIC

I
lotin: thousnt to a wrivten form at the synthesis level was pgreater than

tronslating thousht al the same cognitive level to o pictorial form.

Purthermore, it was noted that this difficulty continued to exist at the

synthcsis level after instruction for voth groups. It would seem that
the tests iven (pre end post) did not allow for the lack of ability/.,
gxnerience in tfanslatinﬁ eritical thinking at this level to the written
forrm, and that the development of this ability in the experimental group
was not given sufficient time or due consideration.

hese factors may have also influenced post-test results which showed
o parallel decline in percentasge scores received by both groups as they

progressed to the higher cognitive levels. Furthermore, the use of essay

questions (post-test items five, six, nine, ten and eleven) may not have

been a sultable means of assessing the development of critical thinking
tecause of its low reliability as a formal evaluation technique. Anderson

states:
The validity of essay tests is open to question because Qf the
low relicbility as well as the.fact that the person grading.the es~
By méy be unduly iﬁflﬁenced oy hpw wel; the ideas are presented
rather than what.the'ideas'are; (1, p. 178.) |
ﬂoweQer it musi be concluded from the findings that, the extent to
whicii the te@cher-made‘post—test represented the six levels of Eloom‘s Tax-
onony of Educational Objectives, the null hypothesis must be aécepted. That
is,‘pUpils riven instruction emphasiiing'the usé-df questiqns predominaﬁtly
above the knowledge level did not ‘differ significantly wvith respect to crit-

ical thinking from pupils given instruction predominantly vased on knowledge

guestions. ' ‘ > . s

i

| N
sed!

alle



[

54,

0

Surmaxy

Fe

o say that instruction which emphasize€s questioning strategies at
the hi*her levels of the cognitive domain does not stimulate critical
thinking ls not a simple conclusion. The rational of such a conclusion
may necessarily be complex.

Piaget's position with renerd to tﬂe cognitive development of children
senerally indicates that a2ll caildren progress through certain stuges of
ivhollechisl dovelooment, ond vropress from stoe to stage is the same lor
aver; child. Ihus, the extent to which the null hypothesis is supported
nay hove its strongest explanation in Fiagef's conceptualizations. Although, -
it is resnlized that progress through the sfages is not automatic and the
ame at which the stages oécur can vary wiln the individual.

If for the purpose of discussion, it is assumed that the cognitive
development of the sample ponulation used in the study generally reflected
the cognitive behaviors attributéd to children at the concrete operational
‘stage, than 1t would seem that ﬁhe natuwre of ﬁhe questioﬁs ﬁosed To the
expérimental group may héve been more successful in stimulating critical‘
thinking of children at-thé Tormel operétional‘étage of Piaget's schematas -
Wadsworth states: | |

The concrete bperationalvchild must deal with each pioblem in
isolation. Cperations are not coordinated. The childAcannot in-
ceprate his solutions Lo means of general theories, The ckild with
LTormel operations can employ theories in thevsolution oflmany Pro-

.blems in an integrated manner._‘Several operations can he brought

o B . to vesr oOn a single problem.

dition, formal operations are characterized by scientific:

s
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reasoning, ivpothesis building (and testins), and they reflect a
true understanding of causation... (ll; p. 102.)

It is not heing suggested that it is fruitless to stimulate critical
thinking in elementary school children via questioning strategies aimed at
this purpose, but that methods and questioning strategies based upon Bloom's
‘Taxonomy of Educational Cbjectives in the study may need to be reoriented
to a range of application for logical operations available to the Piaget
child with apprepriately readjusfed objectives and techniques for evalu-
ating critical thinking.

Perhaps critical thinking is an ability, somewhat analogous te intel-
ligence. Just as one doee not teach to improve intelligence, one may not
necessarily be able to teach how to think critically; one can only hope to-
improve this ability to some upknownidegrée. Thus, another possible reason
for the findings may have been attributed to the inadequacy of measuriﬁg
gross critical thinking on the post-test. Also,.the'findings may have been
effected bLy. insufficient tiﬁe end experiences to fostereccmplex eognitivee
functiohs. Therefore, it 1s recommended that the:study be conducted over
a longer peglod of time in which chilldren are”provided exberienees with
1igh‘level queétions wnich utilize»their abilities ih ﬁany areae of learn-
ing. |

- In view of the fihdings, the value of knowledge questione in stimulat-
in3 thinking should be'furthef iﬁvestigated. Tt is recommended that the |
study be altered in such a way as to-uitiliée more fully, low level Ques;
tions‘before progreseing'to the higher level questioﬁihg strategies. : Hun-
kins efaﬁes,b”Taba (1957) advocated this stretegy and had obtained empirical :

evidence as to its effectiveness. ‘(7, p. 703.7) :
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Teucher experience in using guestioning techniques for lifting levels
of thought, expanding and using learners' ideas 8lso play a part in the
cognitive development of children. Lack of prior experience in employing
comyrehensive questioning patterns which search to raise thinking above
the fuctual recall level may have reduced the effectiveness of such gques-
tions in stimulating critical thinking. It is therefore recommended that
an instructionnl program be designed specifically to improve a teacher's
ability in employing the levels of questioning strategies in the various
curriculun arens of education.

The role by which the levels of questioning affect student per-
formance above the knowledge level-is sti_ll imprecise. The results of
the study Torestall the simple conclusion that if the teacher asks high
level gquestions, puﬁils will think eritically. At this point, additional

regearen isg an ¢ssential condition for the advocncement of more conclu-~

‘sive evidence.
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APPENDIX A

Raw Test Scores
Pre~Test

Control
Group

34
25

32
20
23
28

21

22

Experimental
Group

a7
14
18
30
20
21
10
23
12
26
22
25
36
23
12



Pair
No.

APPENDIX B

Raw Test Scores
Post~Test

Control
Group

48
49
38
29

- 20
28
32
36
45
37
50
55

o

19
46

BEkperimental
Group

43
ko
38
ko
13
25
.25
39
25
37
3L
. 38
55
37
33



